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NEUROTRANSMITTERS 

Field of the Invention 

This invention relates to methods of identifying 
substances which are capable of modifying the function of 
5 neurotransmitters, in particular NMDA and non-NMDA glutamate 
neurotransmitters . 

Background of the Invention 

The NMDA receptor is an important neurotransmitter 
receptor found at most synapses in the brain. The 

10 activation of this receptor by the neurotransmitter 
glutamate produces biochemical changes at the synapse. The 
effects of activation of the receptor and its biochemical 
pathway produce profound effects on the function of synapses 
and thereby change behaviour. The biochemical pathway from 

15 the NMDA receptor is likely to be fundamental to an 
understanding of stroke pathology as well as to normal 
physiological events including learning and memory. There 
is a demand for drugs that interfere with signalling by the 
NMDA receptor. The main use of NMDA receptor inhibitors 

2 0 would be to prevent the spread, and limit the brain damage, 
occurring with stroke. The obvious targets for these drugs 
have been the NMDA receptor itself, and a number of such 
drugs have been developed and are undergoing clinical trial. 
Another beneficial application of such drugs is likely to be 

25 cognitive enhancement. 

The applicants have identified and purified several 
brain proteins that bind to the NMDA receptor and which are 
components of the NMDA receptor signalling pathway. The 
multiprotein complex formed by these proteins is referred to 
30 in this specification as the "NRSC" (derived from NMDA 
Seceptor Signalling Complex) . A proposed schematic 
structure for the NRSC is presented at Figure l. 
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The identification of the primary components of the 
NRSC, effectively provides a method whereby putative drugs 
can be readily screened for efficacy, and it is envisaged 
that the method will be suitable not only for drugs useful 
5 in interfering with the function of the NMDA receptor, but 
also more broadly for any glutamate transmitter. 
Furthermore, the NRSC is also likely to prove an attractive 
target for such drugs and may provide special advantages 
over the simple NMDA receptor blockers. For example, it may 
10 be possible to develop drugs that interfere with the 
assembly and composition of the NRSC in such a way as to 
inhibit or enhance signalling from the NMDA receptor. 

Summary of the Invention 

In broad terms, the invention provides a method of 
15 determining whether a candidate substance is likely to be 
effective in modifying the function of an NMDA or nor. - NMDA 
glutamate neurotransmitter receptor, the method comprising 
the step of monitoring the effect of the substance of the 
activity or signalling capacity of an NRSC protein complex 
20 (as defined herein), or on a component of a said complex. 
Preferably, the complex or component comprises at least one, 
or any combination, of the following: 

(a) an NMDA receptor ion channel subunit (such as NR1, 
NR2A , or NR2B) ; 

25 (b) PSD95, or a protein homologous thereto (such as 

Chapsyn-110) ; 

(c) a tyrosine kinase (such as Fyn or Src) ; and 

(d) a tyrosine phosphatase, 

together, optionally, with one or more additional tyrosine 
30_phosphorylated proteins. 

The protein complex may be an NRSC complex isolated 
from brian tissue, or may be artificially constructed. 
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The principal application of the invention is likely to 
be in the identification of drugs for treating humans, in 
which case a natural or artificial human NRSC complex will 
be used. However, the invention may also fined use in the 
5 identification of drugs for treating other animals, in 
particular mammals. 



Brief description of the Figures 



The invention is hereinafter described in more detail 
by way of example only, with reference to the accompanying 
10 figures, in which :- 

Figure 1 is a schematic proposed structure for the 

NRSC; 

Figure 2 is an electrophoresis blot of 
immunoprecipitated NMDA-R1 subunits from mouse forebrain 
15 NMDA receptors; 

Figure 3 is an electrophoresis blot of NMDA NRl 
subunits, immunoprecipitated with antibodies specific to 
NR2A and NR2B subunits ; and 

Figure 4 is an electrophoresis blot of PSD95 , 
20 immunoblotted with antiphosphotyrosine antibodies. 

Detailed description 

The NMDA subtype of glutamate receptor has been 
implicated in a wide variety of important physiological and 
pathological phenomena in the brain. The most extensively 

25 studied example of NMDA receptor dependent signalling is 
found in experiments on long-term potentiation (LTP) in CA3- 
CA1 synapses in the rodent hippocampus . In this model 
system, the activation of the NMDA receptor leads to an 
enhancement of synaptic transmission at the activated 

30 synapse. Evidence has emerged for a plethora of 
physiological mechanisms that may contribute to the change 
*in syn'aptic efficacy, including changes in post-synaptic 
transmitter receptor sensitivity, activation of silent 
receptors, generation of retrograde messengers to the pre- 

35 synaptic terminal, structural changes in dendritic spines, 
signal transduction of local protein translation machinery 
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and activation of transcription in the nucleus. To 
understand the generation cf these complex and diverse 
cellular responses it is necessary to determine the 
molecular events proximal to the NMDA receptor. 

5 The NMDA receptor in forebrain structures, including 

the CAl pyramidal cells of the hippocampus is a heteromeric 
complex of three channel - forming membrane proteins 
designated as NR1, NR2A and NR2B . The homomultimer of NRi 
subunits is sufficient to form the ion-channel/receptor 

10 whereas the NR2 subunits modify the properties of MRl to 
produce the heteromultimeric mature channel. The activation 
of the NMDA receptor requires binding of glutamate as well 
as membrane depolarisation, which leads to opening c: the 
pore and influx of extracellular calcium. The calcium 

15 influx is necessary but not sufficient for the expression of 
LTP, since calcium influx to the dendritic spine through 
other ion-channels does not support the same form of LTP 
induced by NMDA receptors. This suggests that the NMDA 
receptor does more than regulate calcium influx and may 

20 activate signal transduction cascades, perhaps by direct 
interaction with cytoplasmic signalling proteins that can 
contribute to synaptic plasticity. 

The first studies aimed at identifying components of an 
NMDA receptor signal transduction pathway utilized 

25 pharmacological inhibitors introduced into the post -synaptic 
neuron. Although these experiments implicated serine- 
threonine and tyrosine kinases in the induction of LTP, the 
inhibitors lack the specificity either to implicate a 
specific kinase or to define the perturbed step in the 

30 signalling pathway. The introduction of knockout mice 
provided a more specific tool for incrimination of a 
specific protein and opened the possibility of combining 
genetic and biochemical tools to dissect the post - synaptic 
signalling underlying LTP. 



35 The applicants have focused on identifying the role of 

the non- receptor tyrosine kinases in LTP . Tyrosine kinase 
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inhibitors block the induction of LTP when introduced into 
the post-synaptic cell (O'Dell et al , 1991), and can be 
phenocopied by mice carrying mutations in' the fyn gene 
(Grant et al, 1992) . Fyn is a member of the Src family of 
5 tyrosine kinases and comparison of fyn, src and yes mutants 
indicates that Fyn has a specific signalling role in LTP 
(Grant et al, 1992; Grant et al, 1995). Together with data 
showing that the injection of Src family kinases can 
modulate NMDA receptor currants, this suggests that NMD A 
10 receptor signal transduction may require the interaction 
with Fyn or related kinases. 

To explore the role of tyrosine kinases in NMDA 
receptor signal transduction the applicants isolated the 
NMDA receptor and associated proteins from the brain. It 

15 was found that the NMDA receptor is associated with multiple 
proteins, some of which are tyrosine phosphorylated . This 
NMDA receptor complex contains the Post-Synaptic Dens-ty 95 
(PSD95) protein, which appears to be required for the 
assembly and tyrosine phosphorylation of the complex. The 

20 NMDA receptor was found to exist in two forms, either bound 
to PSD95 or free from PSD95. Using mutant mice it was found 
that the ratio of these two forms of the NMDA receptor is 
regulated by Fyn. In addition, Fyn was required fcr the 
phosphorylation of the NMDA receptor and other components of 

25 the complex, which indicates that phosphorylation modulates 
the assembly of the complex. The assembly and tyrosine 
phosphorylation of the NMDA receptor into the complex was 
also regulated during postnatal development of the brain. 
The NMDA receptor complex identified in this study provides 

30 a new path into the study of mechanisms of NMDA receptor 
signal transduction and the association of the NMDA receptor 
with post-synaptic proteins. 

in order to identify proteins associated with the NMDA 
receptor- channel subunits, intact NMDA receptors from mouse 
3 5 forebrains were solubilized and NMDA-Rl (NR1) subunits and 
associated proteins were immunoprecipitated with antibodies 
to NRl . To identify the tyrosine phosphoproce.ins 



WO 97/46877 



PCT/GB97/01512 



associated with NR1, the NRl immunoprecipitate was separated 
on SDS-PAGE and immunoblotted with ant iphosphotyrosine 
antibodies (Figures 2 & 4) . There appears to be at least 
5 tyrosine phosphoproteins which are components of the NMDA 
5 receptor complex, including two major bands observed at 
180kD and 120kD, a less prominent band at 95 kD, and minor 
bands at 80 & 68kD. Since these proteins may be components 
of an NMDA Receptor Signalling Complex they are herein 
referred to as NRSC 180 , NRSC 120 , NRS<T\ NRSC 80 , NRSC 68 
10 respectively. 

The presence of tyrosine phosphoproteins associated 
with the NMDA receptor implies that a tyrosine kinase (s) may 
be part of the NRSC. The hypothesis that a tyrosine kinase 
is associated with the NRl immunoprecipitate was tested by 

15 performing an immunecomplex kinase reaction. The 
immunecomplex kinase reaction revealed three major bans: 
ppl80, pp!20, pp95. These proteins are phosphorylated on 
tyrosine residues since the label is resistant to alkali 
treatment. Therefore it is likely that the NMDA receptor is 

20 associated with the tyrosine kinase (or Kinases) that is 
capable of phosphorylating the NRSC components NRSC 180 , 
NRSC i:c , NRSC* 5 . 

Previous studies showed the NMDA receptor 2A (NR2AI and 
2B (NR2B) subunits were tyrosine phosphoproteins. The 

2 5 applicants tested whether if NR2A and NR2B were components 

of the NRSC by immunob lot ting the NRl immunoprecipitate with 
antibodies specific to NR2A and NR2B (Figure 3) . Both NR2A 
and NR2B were detectable at ~180kD and comigrated with 
NRSC 190 . It was confirmed that NR2A and NR2B were tyrosine 
30 phosphorylated, by immunoprecipitating NR2A and NR2B from 
denatured extracts, separating the proteins by SDS-PAGE, and 
immunoblotting with ant iphosphotyrosine antibodies. In 
addition the reciprocal experiment was performed of 
immunoprecipitating with antiphosphotyrosine antibodies and 

3 5 immunoblotting with antibodies to NR2A and NR2B. Together 

these data show that NRSC 180 is comprised of NR2A and NR2B. 
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Since NRl has a molecular weight of ~l20kD it was next 
tested whether NRSC 120 , the second major tyrosine 
phosphorylated band found in NR1 immunecomplexes , was NRl . 
Using three antibodies that are capable of 
5 immunoprecipitating all known isofcrms of NRl, iz was 
possible to detect the presence of tyrosine phosphorylation 
in NRl immunecomplexes from denatured extracts, and the 
presence of NRl in immunecomplexes with ant iphosphotyrosine 
antibodies. Although NRl was found to comigrace with NRSC L:o 
10 on immunoblots, it was concluded that NRSC 120 is an 
unidentified protein found in a complex with the NMDA 
receptor . 

Recent studies using the yeast two-hybrid system and in 
vitro binding studies show the NR2 subunits of the NMDA 

15 receptor can bind to the post-synaptic density protein 95 
{ PSD95 ) . It was therefore postulated that the NRSC 
identified by immunoprecipitation of brain extracts contains 
PSD95. To test this, the NMDA receptor and PSD95 were each 
immunoprecipitated in the conditions used to identify the 

20 NRSC , separated by SDS-PAGE, and immunoblotted with 
antiphosphotyrosine antibodies (Figure 4) . There was a 
striking similarity in the pattern of associated' proteins, 
with the major bands at 180kDa, 120kDa, 95kDa in common. To 
confirm that PSD95 and NMDA receptor were components of the 

25 same complex, the complex was immunoprecipitated with PSD95 
and immunoblotted with antibodies to NRl, NR2A and NR2B. It 
was found that these three subunits of the NMDA receptor 
were present in the PSD95 immunecomplex, indicating that the 
NMDA receptor can physiologically associate with PSD95 in- 

3 0 vivo, and that PSD9 5 is a component of the NRSC . 

To assess NRSC 95 could be identified as be PSD95 , the 
applicants tested whether PSD95 is a tyrosine phosphoprotein 
(Figure 4) by immunoprecipitating PSD95 from denatured 
extracts and immunoblotted with antiphosphotyrosine 
25 antibodies. The reciprocal experiment of 

immunoprecipitating with antiphosphotyrosine antibodies and 
immunoblotting with antibodies to PSD95 was also carried 
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out. It was found that PSD95 is not tyrosine 

phosphorylated, which together with the data showing that it 
is found in the NRSC suggests that NRSC** is not PSD95 . 

The experimental data show that the NMDA receptor is 
5 associated in a multiprotein complex in-vivo. This complex 
is comprises the NMDA receptor subunits NR1 , NR2A and NR2B 
and PSD95 as well as several unidentified components 
including NRSC 120 , NRSC* 5 NRSC 80 , NRSC* 6 and a tyrosine kinase. 
Since it is clear that the NMDA receptor- channel complex can 

10 be formed from NR1 and NR2 subunits alone, it remains to be 
shown whether the other components of the NRSC have any 
physiological role. The applicants speculate that one role 
for these additional components of the NRSC is to mediate 
signal transduction from the NMDA receptor and contribute to 

15 the expression of NMDA receptor-dependent forms of synaptic 
plasticity . 

Electrophysiological studies of NMDA receptor mediated 
synaptic plasticity have shown these forms of plasticity to 
mature during the first postnatal weeks of rodent life. It 

20 was reasoned that if the NRSC is required for NMDA receptor 
dependent plasticity, then the assembly of the NRSC may 
develop to maturity during the same (critical) time period. 
The assembly of the NRSC and the tyrosine phosphorylation of 
its components during postnatal development were therefore 

2 5 examined. 

The postnatal assembly of the NRSC was investigated by 
examining the tyrosine phosphorylated proteins associated 
with PSD95 or NR1 from forebrain extracts prepared from 1 
day and 1,2,3,6 and 12 week old mice (Figure 4) . A dramatic 

30 maturation was observed in the assembly of the NRSC. At 
birth and for the first 2 weeks of postnatal life there were 
no detectable tyrosine phosphoproteins , but during the next 
week a significant increase was observed in NRSC 160 ,NR:A ' MR2li) , 
NRSC 120 and NRSC* S(PSD!m which were fully expressed by 6 and 12 

35 weeks of age. 
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To gain an insight into the mechanism for the apparent 
onset of assembly of the NRSC during the 3rd postnatal week 
of life, the binding of NR1 , NR2A and NR2B associated with 
PSD95 was measured. This was achieved by stripping the 
5 antiphosphotyrosine immunoblot of the PSD95 immunecompiexes 
and sequentially immunoblot ting with antibodies specific to 
NR1, NR2A and NR2B. It was observed that these three 
subunits of the NMDA receptor were first detectable in the 
PSD95 immunecomplex at the same time as tyrosine 
10 phosphorylation was detected in the NRSC, that is during the 
third postnatal week. 

The postnatal assembly of PSD95 with the NMDA receptor 
may be regulated by the levels of expression of PSD95 with 
age. The level of expression in the extracts was tested by 
15 immunoblot ting the extracts with antibodies to PSD95 and 
there was found to be a significant increase in PSD95 during 
the first 6 weeks of postnatal forebrain development. The 
levels of expression of NR1, NR2A and NR2B in the extracts 
were also examined. 

20 The simplest explanation of the age-dependent assembly 

of PSD95 with the NMDA receptor is that PSD95 is required to 
be expressed at sufficient levels to bind the NMDA receptor, 
and these levels are first achieved at about 3 weeks' 
postnatal age. 

25 These observations show that the assembly of the NRSC 

is critically age-dependent and specifically demonstrate 
that the binding of PSD95 occurs later than the expression 
of the NMDA receptor. Since synaptic plasticity is maturing 
over the same time period, it is speculated that the 

30 association of PSD95 with the NMDA receptor allows the NMDA 
receptor to interact with signal transduction proteins 
required for NMDA receptor dependent forms of synaptic 
plasticity. To explore this possibility it was investigated 
whether if the age-dependent association of NMDA receptor 

35 with PSD95 is correlated with the onset of tyrosine 
phosphorylation of NR2 subunits. 
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NR2A and NR2B subunics were immunoprecipitated with an 
antibody and immunoblotted with antiphosphotyrosine 
antibodies. It was found that Tyrosine phosphorylation of 
NR2 is first seen at a similar time as the binding of NMDA 
5 receptor and PSD95 occurs. This is consistent with the idea 
that the tyrosine kinase responsible for phosphorylat ing the 
NR2 subunits may require PSD95 to facilitate the interaction 
of the NMDA receptor. Another possibility is that the 
kinase that is required to phosphorylate the NMDA receptor 

10 may regulate the interaction of the NMDA receptor with PSD95 
and thereby regulate the assembly of the NRSC. The 
experimental evaluation of these and other models would be 
greatly facilitated if the physiologically relevant NMDA 
receptor tyrosine kinase were known, and accordingly the 

15 applicants have sought to identify this kinase. 

PSD95 comprises multiple domains, including 3 PDZ 
domains, an SH3 and a guanylate kinase homology region 
(Kennedy paper 92) . The interaction with NR2 is mediated 
via mediated via the second PDZ domain and the role of the 

20 other domains is unknown. The dramatic increase in NRSC 
formation during the 3rd postnatal week is a reflection of 
an increase in binding of PSD95 with the NMDA receptor and 
is coincident with the emergence of tyrosine phosphorylation 
and the detection of NRSC U0 . These changes may reflect the 

25 recruitment of kinase activity and NRSC 120 to the NRSC by 
PSD95 . Therefore the domains of PSD95 that have no 
identified binding partners may be interacting with tyrosine 
kinases and NRSC 1 ' 0 . PSD95 could serve the role as an adaptor 
protein between the NMDA receptor and important signalling 

30 proteins including other components of the NRSC. Consistent 
with this model, PSD95 can interact via PDZ domains with 
other PDZ containing proteins including neuronal Nitric 
Oxide Synthase (Bredt 96) . In addition to the components of 
the NRSC identified in our studies, there are also likely to 
3 5 be components that we have not detected. For example, 
calmodulin was found to bind to the NR1 subunit (Ehlers et 
ai, 1996) . 
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As demonstrated above, there is detectable tyrosine 
kinase activity in NR1 immunecomplexes that can 
phosphorylate NRSC 180 '^a'"* 28 ' , NRSC i:o and NRSC" ,p - 5cm ' . An 
attempt was made to identify the kinase by immunoblotting 
5 the NR1 immunecomplexes with antibodies to Src, Fyn, Yes, 
FAK, Pyk2/CAKb and Csk but no specific associated proteins 
were detected. The failure to detect may be a result of the 
low stoichiometry of association using the relatively harsh 
extraction conditions necessary to solubilise the NMDA 

10 receptor, rather than a lack of a relevant protein 
interaction. Moreover, many kinases do not form stable 
complexes with their substrates. A different approach was 
therefore made, utilising mutant mice, on the basis that Fyn 
tyrosine kinase is a likely candidate for the role of a 

15 kinase that can phosphorylate the NRSC. Previous studies 
have shown that Fyn is required for long-term potentiation 
and thus may be involved with an NMDA receptor signal 
transduction cascade (Grant et al, 1992} . 

To determine if Src family kinases are required in vivo 

20 to maintain the phosphorylation of the NRSC, 
immunoprecipitates of the NRSC with NR1 or PSD95 antibodies 
from fyn mutant mice were examined. The precipitated 
proteins were immunoblotted with ant iphosphotyrosine 
antibodies. A significant reduction in the intensity of the 

25 tyrosine phosphorylation signal was seen in all of the 
tyrosine phcsphcryi^ed components of the NRSC. The same 
blot was stripped ar.a reprobed with antibodies to NR25 and 
NR1 to show that the levels of these subunits were not 
altered. Although this suggests a reduction in the 

30 stoichiometry of phosphorylation of NR2B, this was confirmed 
by carrying out a two step analysis of wild type versus fyn 
mice. Following immunoprecipitation and dissociation of the 
complex, NR2A and NR2B were independently immunoprecipitated 
"and analysed for the level of tyrosine phosphorylation. The 

35 data show reduction in signal at 180kDa on 
antiphosphotyrosine blots, providing strong evidence for 
alteration of stoichiometry of phosphorylation of NR2 
subunits in the NRSC in fyn mice. The blot was reprobed 
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with NR2A and NR2B co confirm that the efficiency of 
immunoprecipitation was the same in wild type and fyn 
samples. NRSC phosphorylation in src mutant mice was also 
examined, and it was found that the NRSC was 
5 hypophosphorylated in src mice and in fyn mice, and that the 
ratios of NRl and PSD95 were unchanged in the mutants, 
suggesting that the integrity of the complex in the mutants 
is unaltered. Thus, both Fyn and Src are required for 
maintaining the phosphorylation level of the NMDA receptor 
10 and associated proteins in vivo. 

The possibility that Fyn can directly phosphorylate NR2 
and the other NRSC components was explored by using the NRSC 
as an in vitro substrate for Fyn. The NRSC was isolated by 
immunoprecipitation was antibodies to PSD95 or NRl from wild 

15 type mice, and kinase assays were performed with purified 
Fyn and [7 - 3 ~P] ATP . Fyn-dependent phosphorylation was 
observed in mrsC [KR2A/MR2B1 and NRSC 120 , while phosphorylation 
of the other NRSC proteins was not detected. Both NR2A and 
NR2B were found to have incorporated label, whereas NRl had 

20 not. Furthermore, affinity-purified NR2B could be shown to 
be directly phosphorylated by Fyn. To support these 
findings further, it was found that an E. coli expressed 
fusion protein comprising the carboxyl- terminus of the NR2B 
subunit was also efficiently phosphorylated by Fyn in vitro. 

25 Together, the evidence from the fyn mutants and in vitro 
kinase assays strongly support the model that Fyn is a 
tyrosine kinase that directly phosphorylates the NR2 
subunits and NRSC 120 in vivo. These kinase, assays provide a 
basis for assays that can be used to screen drugs that 

30 regulate the phosphorylation of the NRSC. 

The action of the kinases is counteracted by tyrosine 
phosphatases (PTPases) . A PTPase activity was identified 
~ which'acts on the NRSC proteins, and which, importantly, is 
itself activated by the NMDA receptor. The effects of NMDA 
35 receptor stimulation on hippocampus slice preparations as 
used for slice electrophysiology was examined. Protein 
extracts were prepared and the NRSC was immunoprecipitated 
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and analysed for changes in tyrosine phosphorylation. 
Unstimulated control slices were also extracted over the 
range of the timecourse. The tyrosine phosphorylation was 
reduced in MRSC 180 and NRSC 1 " following NMDA receptor 
5 activation. The blots were reprobed with NR2B, NRl and 
PSD95 antibodies. The levels of these proteins were not 
significantly reduced over the stimulation timecourse, 
indicating that the stoichiometry of phosphorylation is 
reduced, rather than dissociation of NR2B from the complex. 

10 Whole extract samples were also blotted with 
antiphosphotyrosine antibodies and overall levels of 
tyrosine phosphoproteins were not altered. This suggests 
that hypoxia or another non-specific phosphatase activation 
does not account for the change seen, but that the 

15 hypophosphorylation is more specific to NMDA receptor 
subunits and the NTRSC . In addition to the reduction in 
phosphorylation of NR2A and NR2B , the appearance of a 
tyrosine phosphorylated band at !40kDa (NRSC 140 ) , and an 
initial reduction and then increase in NRSC 95 , following 

20 stimulation indicates a more dynamic regulation of the 
complex. These data show that Src family kinases and an 
NMDA receptor-activated PTPase both act on the NMDA 
receptor, as well as the associated proteins. The activity 
of the PTPase on the NMDA receptor is likely to be of great 

25 significance, and agents which modulate its activation or 
effects on NRSC proteins will be potentially valuable in 
regulating NMDA receptor functions. 

The isolation and analysis of the NRSC can be used to 
assay drugs both in vitro and in vivo. Such drugs may act 
30 directly on the NMDA receptor, or an proteins in the NRSC 
{for example PSD95), or on enzymes that regulate the post- 
translational state (for example the phosphorylation state) 
of NRSC proteins . 

In vitro assays: The NRSC may be purified as described 
35 from neuronal cells, and the purified protein complex 
exposed to: (i) other enzymes (for example kinases or 
phosphatases) and their action on the NRSC tested: or (ii) 
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drugs or agencs (including peptides) chat disrupt or alter 
the composition or organisation of the NRSC. The action of 
enzymes or chemicals on the NRSC in vitro may be used as an 
assay to identify compound which modify the effects of such 
5 agents. 

In vivo assays: Neural tissue (from intact living 
animals, brain explants, cultured neurones) may be treated 
with drugs that activate the NMDA receptor (or other 
receptors or enzymes) , and the NRSC may then be purified and 

10 its composition analysed. For example, drugs that activate 
the NMDA receptor produce a dephosphorylation of the NRSC 
proteins, and this reaction can be interfered with by 
chemicals. The NRSC is regulated during brain development, 
and drugs that alter brain development could be assayed on 

15 the NRSC. 

As an example cf an assay, brain tissue was stimulated 
with the agent N-methyl -D-aspartate (NMDA), which 
specifically activates the NMDA receptor. The NRSC was then 
purified from the brain tissue, and its phosphorylation and 

20 composition analysed. The tyrosine phosphorylation was 
reduced in NRSC Mf> ( NR2 A and NR2B) and NRSC 120 following NMDA 
receptor activation . In addition to the reduction in 
phosphorylation or NR2A and NR2B, the appearance of a 
tyrosine phosphcrylatec band at 140kDa (NRSC 1 * 0 ) and an 

25 initial reduction and then increase in NRSC* 5 following 
stimulation indicated a more dynamic regulation of the 
complex. This assay nay readily be extended to screen for: 
(i) drugs that interfere with the effects of NMDA on the 
NRSC as described above; and (ii) drugs that alter the 

30 phosphorylation and composition of the NRSC by acting on 
other receptors or enzymes that directly or indirectly 
regulate the NRSC. 
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CLAIMS 

1. A method for determining whether a candidate 
substance is likely to be effective in modifying the 
function of an NMDA or non-NMDA giutamate neurotransmitter 

5 receptor, the method comprising the step of monitoring the 
effect of the substance on the activity or signalling 
capacity of an NMDA receptor signalling complex of proteins 
(NRSC) , or on a component thereof. 

2. A method according to claim 1, wherein the NRSC 
10 comprises at least one NMDA receptor ion channel subunit. 

3. A method according to claim 2, wherein the NMDA 
receptor ion channel subunit (s) is, or are selected from, 
NR1, NR2A or NR2B. 

4. A method according to any of claims 1 to 3 , 
15 wherein the NRSC comprises PSD95 , or a protein homologous 

thereto . 

5. A method according to claim 4, wherein the 
homologous protein is Chapsyn-110. 

6. A method according to any preceding claim, wherein 
20 the NRSC comprises at least one tyrosine kinase. 

7. A method according to claim 6, wherein the 
tyrosine kinase is Fyn or Src. 

8 . A method according to any preceding claim wherein 
the NRSC comprises at least one tyrosine phosphatase. 

25 9. A method according to any preceding claim, wherein 

"the ftRSC comprises one or more additional tyrosine 
phosphorylated proteins. 
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